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INTRODUCTION 
Brackish waters throughout the world are inhabited by 
species of mosquitoes that are apparently restricted to saline 
conditions and the mosquitoes may be distinctly classified as 
such (Bates 1949). Many researchers have examined the role of 
inorganic salts in oviposition site selection. Most of this 
work has been reviewed by Bates (1^49), Muirhead-Thomson 
(1951)> and Clements (1963). Laboratory studies conducted to 
elucidate the role of salts in site selection however, have 
generally indicated tolerance of saline conditions rather than 
preference (Bates 1949). Muirhead-Thomson (1951) indicated 
that a preoccupation with sodium chloride at high levels may 
be a reason for this, and has suggested that the levels and 
ratios of other salts in low-saline and fresh-water habitats 
be examined. 
Hudson (1956) attempted to correlate the responses of two 
fresh-water mosquito species to several salts. However, such 
studies with Aedes taeniorhynchus (Wiedemann), which breeds 
almost exclusively in salt-marsh or high saline situations 
(Knight 1965)5 are lacking. Previous work has been conducted 
on various behavioral aspects of oviposition site selection 
(McGaughey I965), and the chemical nature of natural breeding 
sites has been determined (Knight I965) for A. taeniorhynchus. 
This study was conducted to determine the response of A. 
taeniorhynchus to selected salt solutions in concentrations 
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approximating those found in natural habitats (Knight I965), 
to isolate a common factor determining this response, and to 
examine certain laboratory conditions that might affect the 
response. 
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LITERATURE REVIEW 
Investigations into the problem of oviposition site 
selection in floodwater mosquitoes have, in general, been less 
successful than those concerned with the same problem in Culex 
and Anopheles mosquitoes. However, the characteristic larval 
habitats of individual mosquito species, within obvious 
limits, represent actual selection of the oviposition site by 
the gravid female mosquito (Bates 1949), and the floodwater 
larval habitat in general has been fairly well defined. The 
sites of egg deposition are subject to periodic inundation, 
and may be shaded by grasses, herbs, or trees, and have sur­
face and soil characteristics conducive to high moisture re­
tention (Yates 19455 Bodman and Gannon 1950, Horsfall I961). 
Within these bounds other differences such as salinity have 
some unknown effect on the species of mosquitoes present. 
The salinity factor has been correlated with the abun­
dance of various species (Cory and Crosthwait 1939, Vogt 194?, 
Darsie and Springer 1957» Dixon 1957, Chapman 1959, Micks and 
McNeil 1963, Knight I965, Petersen and Rees I966), but its 
role in selection of the oviposition site is unknown. Various 
concentrations of individual salt solutions a.nd sea water have 
been tested extensively using distilled water and rain water 
as controls, but with inconsistent results. For example, as 
early as I919 Fielding reported oviposition in the laboratory 
by Aedes aegypti on concentrations of sea water as high as 70^ 
(about Z% salt) If no other solution was available, but A. 
ae^yptl Is reluctant to oviposit on sodium chloride concentra­
tions as high as 2% (Wallis 19^4, Hudson 1956). However, A. 
desbansl, a coastal brackish water breeder, does exhibit a 
definite preference for water containing 30 grams of sea salt 
per liter, a concentration almost equivalent to pure sea water 
(Mathis 1934). 
There is some Indication that sodium chloride may not be 
the factor to which the mosquitoes respond. Anopheles 
atroparvus, a brackish water breeder, will avoid even weak 
solutions of sodium chloride while A. messeae, a fresh water 
mosquito, seems indifferent to sodium chloride (DeBuck, 
Shoute, and Swellengrebel 1932). 
Sodium chloride may exert a repellent effect. Aedes 
aegypti can differentiate between sodium chloride solutions 
differing by as little as 0.02 M (Wallis 1954). This appears 
to be in the nature of a repellent effect. The repellent 
effect differs between species. For example, Woodhill (1941) 
reported that A. concolor was most repelled by high salt con­
centrations, Culex plpiens next, and Aedes aegypti least. 
Petersen and Rees (I966) reported differences in chloride 
tolerance by A. dorsalls and A. nlgromaculls also. 
Aedes solllcltans, a well-known salt-marsh mosquito, has 
been reported breeding in salt water from swimming pools, oil 
wells, and coal mines In Illinois (Fellton 1944) as well as in 
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similar situations in Kentucky (Dixon 1957). The latter re­
port was accompanied by analyses of larval breeding waters 
from two sites differing in the amounts of chloride present. 
The levels of, sulfate reported were comparable however, and 
were of approximately the same magnitude as those reported by 
the same author for a Florida habitat. Rudolfs and Lackey 
(1929) also analyzed waters for sulfates and other components, 
but did not compare distinct habitats. They concluded that 
such components affect microbiological activity which may sub­
sequently affect mosquito breeding. Knight (I965) analyzed 
coastal soils underlying salt-water and fresh-water mosquito 
breeding sites; levels and ratios of sodium, potassium, cal­
cium, magnesium, chloride, and sulfate appeared to be distinct 
for each type of habitat. Extremely wide ranges with some 
overlap were observed however. 
Hudson (1956) attempted to find some correlation between 
the responses of Gulex plplens molestus and Aedes aegypti to 
sodium chloride, potassium chloride, potassium nitrate, sodium 
sulfate, sodium acetate, sodium bicarbonate, magnesium 
chloride, and magnesium sulfate. The mosquitoes tested re­
sponded similarly to all the salts except magnesium sulfate, 
which elicited a similar response when the concentration was 
raised to an equivalent osmotic pressure range. Tests com­
paring Isotonic solutions of sodium chloride and glucose 
however, did not support the possibility of the osmotic pressure 
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being critical. Clements (I963) has indicated that there is 
probably a direct relationship between ionic activity of salts 
and the response of chemoreceptors, and since in blowfly 
chemoreceptors different neurones are stimulated by electro­
lytes and sugars ; different responses might be expected in 
gravid mosquitoes. However, ionic activity is directly re­
lated to osmotic pressure. 
Salinity or any other factor may not necessarily function 
to the exclusion of all other properties of the oviposition 
site however (Clements I963). In only one case has a single 
chemical component of a breeding site been demonstrated as 
responsible for its selection; Fay and Perry (I965) found that 
methyl butyrate would serve as an oviposition attractant for 
A. aegypti, but its attractiveness was modified by the type of 
container and substrate used. O'Gower (1958) reported that A. 
australis selected a rough substrate to the exclusion of the 
salinity factor except at very high saline levels, and the pH 
of the substrate only becomes restrictive at the extremes 
(Buxton and Hopkins 1927, Jobling 1935)' Such interaction may 
also be true of other factors. 
Wallis (1954) found some degree of variation in the con­
centrations of sodium chloride selected by A. aegypti which 
appeared to depend upon the concentrations used and their 
spacing. This Indicates that many of the varying responses 
reported may be a result of variations in the laboratory 
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technique. McGaughey (I965) demonstrated that variations in 
the photoperiod on the day of oviposition affected the sensi­
tivity of ovipositing females in the laboratory, but not their 
preference. 
A complete analysis has not been made for any one species 
and Clements (I963) has suggested that the apparently abnormal 
laboratory behavior indicates that such a study should be con­
ducted in the field. However, to the present time, work with 
salt solutions has helped little in understanding the attrac­
tive properties of natural oviposition sites (Clements 1963)5 
and a thorough study of their role in oviposition site selec­
tion is needed. 
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METHODS AND MATERIALS 
Rearing; and handling 
For this study a colony of A. taeniorhynchus was started 
In July 1963 from eggs supplied by the USDA laboratories at 
Gainesville, Florida. Rearing and experimental work was done 
in a controlled-environment cabinet at a temperature of 29.5 
+ 1.0° C. Two incandescent bulbs controlled with a rheostat 
maintained illumination at approximately 39 foot candles 
(measured with a Weston model 756 illumination meter). An 
automatic timer was used to maintain a light-dark cycle of 16 
hours light and 8 hours darkness, with darkness beginning in 
the middle of the working day to facilitate experimentation. 
Eggs of A. taeniorhynchus were hatched in tap-water to 
which a trace of yeast and ground dog biscuit (Milk-Bone ) had 
been added. Sufficient eggs were hatched for each rearing to 
provide 6,000 to 12,000 larvae. The larvae were divided into 
groups of about 500 and placed in white enameled pans (4l.5 x 
24.7 X 6.3 cm), each containing 2 liters of tap-water that had 
been allowed to stand overnight. The pans were covered with 
glass to prevent excessive evaporation and scum formation. 
Larvae for some of the broods were reared in an artificial sea 
salt solution^ used at 19^ of the concentration equivalent to 
^Rila Marine Mix available from Rila Products, Teaneck, 
New Jersey. 
sea water. This concentration had a specific gravity of 1.005 
and a specific electrical conductance^ of 10.5 to 11.0 
millimhos/cm . The composition of this material as supplied 
by the manufacturer and as used in this work is presented in 
the Appendix, Table 10. 
Each pan of larvae was fed 0.05 gram of ground dog biscuit 
(passed through a 40-mesh sieve) on the day after hatching and 
0.05 gram of 20-mesh ground dog biscuit daily throughout the 
remainder of the first and second instars. After the larvae 
reached the third instar, feeding was increased to about 0.10 
gram of 20-mesh ground dog biscuit daily. Pupation usually 
started on the fifth or sixth day, reached its peak on the 
seventh day, and was virtually completed by the tenth day. 
Microbial activity frequently resulted in high mortality or 
even total loss of some pans of larvae. This could sometimes 
be corrected, to a limited extent, by changing the water. 
A pupal separator (Fay and Morlan 1959) was used daily to 
separate the pupae and larvae. After separation, the pupae 
were placed in plastic bowls inside a cage for adult emergence, 
and the larvae were returned to the rearing pans. 
Adult mosquitoes were maintained in 51-cm cubical cages 
of the type described by Chao (1959)» These cages were 
The electrical conductance was measured with an 
Industrial Instruments, Inc., Conductivity Bridge, Model 
RC-16B2. 
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covered with transparent sheet acetate stapled and taped to 
wooden frames. They were made additionally air-tight by 
covering the I7 x 20 cm sleeved opening with a removable 
section of sheet acetate. Three cheesecloth wicks were sus­
pended in 250-ml beakers of distilled water inside each cage 
to maintain the relative humidity above 85%. A peeled apple 
was provided for an energy source for the mosquitoes. The 
bowls containing pupae were placed inside these cages for adult 
emergence which occurred 24 to 36 hours after pupation. 
On the fourth day after the first substantial female 
emergence, a guinea pig was placed in the cage for up to an 
hour to provide a blood meal for the mosquitoes. This was 
continued daily as long as mosquitoes were needed for experi­
mentation, or as long as there were sufficient adults which 
would feed. Blood-fed females needed for experiments were 
withdrawn by aspirator and placed in separate cages set up in 
the same manner as the parent cage. In order to maintain the 
colony, some blood-fed females were consistently left in the 
parent cages. These deposited their eggs on the cheesecloth 
wicks. About every 3 days the accumulated eggs were washed 
from the wicks onto filter paper circles in a Biichner funnel. 
The filter papers with eggs were stored in petri dishes over 
distilled water in a closed container. 
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Experimental procedure 
Most testing was done in the standard cages described pre­
viously. Blood-fed females were transferred to these cages 
immediately after they had been given a blood meal and were 
held until gravid when the tests were performed during the 
first 2 to 5 hours of darkness. At the 29-5° C temperature 
used, 3 days were required to attain full gravidity. The 
apple and humidifying wicks were removed from the cages at the 
time of testing. 
Aqueous solutions of the materials tested were applied to 
cheesecloth pads in 10-cm petri dishes. Each pad weighed 2 gm 
and 6 ml of test solution were applied to each. The liquid was 
measured into the dish with a pipette and the pad was placed 
in the liquid. Immediately before placing the dishes in the 
cages, the pads were turned over to insure even wetting. The 
dishes were placed in the cages in a circular arrangement in 
random positions. 
Experience indicated that ten blood-fed females per 
experimental dish in each cage would provide about 400 eggs 
per dish. This number provided fairly reproducible results. 
The exact number of mosquitoes was not critical. However, all 
results are expressed as numbers of eggs per blood-fed female 
and an effort was made to keep the number of mosquitoes per 
cage constant so far as was practicable. A constant number of 
mosquitoes per dish is desirable if comparisons are to be made 
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between experiments with differing numbers of experimental 
dishes per cage. No allowance was made for mortality between 
the time of blood feeding and oviposition. The mortality level 
was estimated to vary between zero and 2S%, but was assumed to 
be random. 
In some instances, sufficient cages were not available to 
put each new group of blood-fed mosquitoes in a separate cage. 
In these cases, the freshly-fed mosquitoes were put in cages 
which contained mosquitoes that had been blood-fed the pre­
ceding day. It was then necessary to replace the humidifying 
wicks and the apple after testing the first group. No adverse 
effects were noted with either group of mosquitoes, but this 
was avoided whenever possible for the sake of convenience and 
uniformity. 
One series of experiments was performed in an olfactometer 
apparatus (Figure 1) which consisted of a standard cage 
equipped with two inlet ports at the bottom and two exhaust 
ports at the top. The inlet ports were made by attaching 
lengths of plastic hose from the gas source to plastic cups 9 
cm in diameter and 6.5.cm high. Cheesecloth pads in plastic 
petri dishes with screened bottoms were placed on top of these 
cups for oviposition substrates. The exhaust ports were made 
by passing the stems of 7-cm glass funnels through the top of 
the cage and connecting them to a vacuum line. The funnel 
openings were covered with plastic screens. Each sample 
Figure 1. Schematic diagram of the olfactometer used in 
determining the response to sod samples 
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chamber was composed of two 8-inch animal jars sealed together 
with plastic tape after insertion of the sample material. A 
hole fitted with a two-hole rubber stopper in the upper jar 
allowed passage of air in and out through glass tubing in the 
manner illustrated in Figure ,1. Floating-ball flow meters 
were used in regulating the air flow provided by an air pump. 
A charcoal filter was connected to the air inlet. A camera 
with an electronic flash was positioned over the cage for 
making photographs of the response at set intervals. A light-
proof box with automatic temperature controls and a port for 
the camera was constructed to hold the olfactometer for this 
experiment. 
The relative humidity was controlled inside the experi­
mental cages for some experiments. Two standard cages were 
joined, one above the other, forming a double cage for these 
tests. A piece of nylon netting was used as a divider and the 
mosquitoes, humidifying wicks, and apple were placed in the 
bottom cage as usual for the holding period. About 3 hours 
before beginning the tests, the humidifying wicks and apple 
were removed and wicks wet with distilled water or varying 
concentrations of sodium chloride solution were placed in the 
top cage to maintain the desired relative humidity. Since the 
cages were not completely air-tight and were of such size as 
to render this humidifying system less than 100% efficient, 
the desired relative humidity could only be obtained by trial 
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and error. The number and size of the wicks and the salt con­
centration (vapor pressure) were varied; using a constant 
ambient relative humidity laboratory, fairly reproducible rel­
ative humidities were obtained for each cage prior to experi­
mentation with a minimum of effort. A Mason wet-dry bulb 
humidity measuring device was placed in the lower cage con­
taining the mosquitoes and was read at the beginning and end 
of each experiment. Tests in which the desired relative humid­
ity was not attained or in which too much variation occurred 
were discarded. 
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RESULTS 
Response to salts 
These experiments were performed to determine the labora­
tory response of Aedes taenlorhynchus to pure solutions and 
mixtures of some of the salts reported by Knight (I965) as 
occurring in coastal marsh soils. A positive response would 
suggest that the salts were responsible for the selectiveness 
of ovipositing females in nature. The particular salts In­
volved might also be identified. 
Seven salt solutions were tested; sodium chloride, mag­
nesium sulfate, sodium sulfate, ferrous sulfate, sulfuric 
acid, sulfuric acid in sodium chloride, and the artificial 
marine salt mixture mentioned previously. The chemical com­
position of this mixture is presented in the Appendix, Table 
10. The highest concentration of the marine salt mixture used 
in this work (referred to as 100^) was 19^ of the concentration 
equivalent to sea water. This solution had a specific con­
ductance of 10.5 to 11.0 milllmhos/cm^, which corresponds 
closely with the average specific conductance of water ex­
tracts of salt-marsh breeding sites of A. taenlorhynchus 
(Knight 1965)) and was chosen on this basis. Its specific 
gravity was 1.005. Other concentrations of this material that 
were tested are expressed as percentages of this stock 
concentration. 
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The mosquitoes were reared, handled, and tested as pre­
viously described. The tests were performed during the first 
5 hours in darkness on the third day after the blood meal, 
which was the period of maximum oviposition under the environ­
mental conditions used (McGaughey I965). The results for each 
series of tests are summarized in Table 1 along with the molar 
concentration, the specific conductance, and the osmolality of 
each salt. The osmolality was calculated from values for 
freezing-point depression obtainable from the Handbook of 
Chemistry and Physics (Weast I965). A one molal solution of a 
nonelectrolyte has a freezing-point depression of 1.86° C and 
an osmolality of one. The results are expressed as the percent 
eggs laid on each concentration of each salt. Complete data 
for each experiment are presented in the Appendix, Tables 11-
2 0 .  
A significant preference was shown for the higher concen­
trations of the marine salt mixture which had a total salt 
content approximately equivalent to that reported by Knight 
(1965) for salt-marsh soils. Preferences, although less 
marked, were also shown for sulfuric acid, ferrous sulfate, 
magnesium sulfate, and sodium sulfate. The responses to these 
salts are correlated with the total molar concentration of 
salt, total molar concentration of sulfate, and osmolality of 
the marine salt mixture in Figures 2, 3j and 4, respectively. 
For the marine salt mixture, sodium sulfate,and magnesium 
Table 1. Percent eggs laid on each concentration of seven salts tested separately 
In ten experiments'^ 
Marine Salt Mixture 
M^ 8or 0.0001 0.001 0.005 0.010 
M Total Salt 0.001 0.010 0.052 0.104 
8p. Cond.G 0.14 1.25 5-50 10.5 
Osmolality 0.0019 0.0192 O.O962 0.1925 
Percent Eggs (Exp. 1)^ 20.5 24.9 27.2 27.4 
Percent Eggs (Exp. 2) 29.2 36 .9  33-9 
HgSO^ (Exp. 1) 
M 0 0.0025 0.0125 0.025 0.05 
5p. Cond. 0.005 1.85 7.60 14.0 24.50 
Osmolality 0 0.0054 O.O269  0.0538 0.1075 
Percent Eggs 26.3 30.1 17-1 13.9 12.6 
^Data for individual experiments are tabulated in the Appendix, Tables 11-20. 
^Molar concentrations. 
c / 3 Specific electrical conductance in mlllimhos/em measured with an Industrial 
Instruments, Inc., Conductivity Bridge, Model RC-16B2. 
^A one molal solution of a nonelectrolyte has a freezing-point depression of 
1.86° C and an osmolality of one. 
^Significant (5^ level) nonzero linear relationship. 
Table 1, (Continued) 
(Exp. 2) 
M 0 
Sp. Cond. 0.005 
Osmolality o 
Percent Eggs 2^.3 
5^80^/0.125 M NaCl 
M SOr 0 
Sp. Cond. 12.0 
Osmolality 0.2305 
Percent 25.7 
KgS0^/0.2 M NaCl 
M 8Cg 0 
Sp. Cond. 17.0 
Osmolality O.3688 
Percent Eggs 21.6 
FeSO^.fHgO 
M 0 
Sp. Cond. 0.005 
Osmolality 0 
Percent Eggs 18.9 
0 .00005  
0.048 
0.0001 
26.4 
0.0005 
0.44 
0.0011 
31 .0  
0 .005  
3 .5  
0.0108  
18 .3  
0.00005 
13.4 
0.2306 
28 .3  
0.0005 
13.4 
0.2316 
26 .2  
0.005 
16 .0  
0.2413 
19 .8  
0.00001 
17.0 
0 .3688  
16 .4  
0.0001 
17 .0  
0 .3690  
24.6 
0.001 
17.0 
0 .3710  
19.1 
0.01 
18 .0  
0.3903 
18 .3  
0.0001 
0 . 0 2 8  
0 .00013  
2 2 . 8  
0.001 
0 .23  
0 .00128  
24.6 
0.01 
1.525 
0.0128 
21.3 
0.1 
9.0 
0.1285 
12.4 
Table 1. (Continued) 
Na^SO^ 
M 0.005 0.025 
Sp. Gond. I.l6 5-10 
Osmolality 0.0131 0.0653 
Percent Eggs 25.4 23-9 
MgSO 4 
NaCl 
M 0.0025 0.0125 
Sp.  cona .  0 .265  1 .075  
Osmolality 0 . 0 0 2 9  0 . 0 1 4 4  
percent Eggs 24.3 21.9 
M 0 0.05 
Sp. Gond. 0.005 5.25 
Osmolality 0  0 . 0 9 2 2  
Percent Eggs 24.7 19.5 
0.05 0.125 
8 .80  18 .50  
0.1305 0.3264 
30 .9  19 .8  
0 .025  0 .05  
1.90 3.25 
0.0288 0.0576 
27.9 25.9 
0.10 0.15 0.20 
10 .0  13 .2  17 .0  
0.1844 0.2766 0.3688 
16 .6  20 .5  18 .7  
Figure 2. Ovlposition response to total molar concentration 
of salt 
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Figure 3. Ovlpositlon response to molar concentration of sulfate 
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Figure 4. Ovlpositlon response to osmolality of salt solutions 
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sulfate, maximum responses were observed at approximately 
equivalent total molar concentrations of salt (Figure 2) and 
at approximately equivalent osmolalities (Figure 4). However, 
maximum responses to ferrous sulfate and sulfuric acid occurred 
at concentrations approximately equivalent to the total molar 
concentration of sulfate In the marine salt mixture (Figure 
3). Sodium chloride appeared neutral or slightly repellent in 
the concentrations used (Figure 2), but was made attractive by 
the addition of sulfuric acid (Figure 3). The response here 
was probably to the sulfuric acid, and a somewhat lower acid 
concentration received the maximum response than when sulfuric 
acid was tested in the absence of sodium chloride, indicating 
an Interaction between the salts. Mo definite pattern is 
apparent when the responses are plotted against specific elec­
trical conductance of the solutions, indicating that a definite 
chemical preference may exist. In view of the low osmolality 
of the sulfuric acid solutions that were selected (Figure 4), 
the effects of osmotic pressure may be further discounted. 
These data seem to indicate that A. taenlorhynchus re­
sponds to the sulfate content of the ovlposltlon substrate. 
The differing optimal concentrations of sulfuric acid, ferrous 
sulfate, magnesium sulfate, and sodium sulfate may be due to 
other properties of the compounds such as differences in ionic 
activity (Clements I963). However, ionic activity is directly 
related to osmotic pressure and these data suggest that 
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osmotic pressure has little or no effect. The low pH of sul­
furic acid may have prevented selection of higher concentra­
tions of this material. Perhaps the most striking result was 
the absence of a positive response to sodium chloride, yet 
relatively high concentrations of this salt, in terms of 
osmotic pressure, were made attractive by the addition of very 
small amounts of sulfuric acid. 
Effect of ambient relative humidity 
Throughout this work considerable variation was noted 
between responses of mosquitoes handled and tested in the same 
manner. Even mosquitoes tested on the same day frequently re­
sponded differently to the same materials. Therefore, exten­
sive replication was sometimes necessary to obtain valid re­
sults when the dose-response relationship was not striking. 
McGaughey (1965) found that ambient relative humidity affected 
the response to moist and dry substrates. The experiments 
reported here were conducted In cages with no humidity control 
at the time of testing and the relative humidity could be ex­
pected to drop from the initial high level at differing rates 
in different cages. Therefore, this experiment was conducted 
to determine the effect of three ambient relative humidity 
levels at the time of testing on the response to three concen­
trations of marine salt. 
Three of the double cages previously described were 
utilized, making it possible to test the effect of the three 
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relative humidity levels at the same time. The relative hu­
midity levels were rotated among the cages to insure the re­
moval of any differences due to the cages. The results are 
tabulated in Table 2. The mosquitoes utilized were reared in 
salt water from eggs from the regular colony. The adults were 
maintained at a relative humidity above 85^ until about 2 hours 
before testing when the relative humidity was adjusted to the 
desired level (low, 65 + 5%', medium, 76 + high, 82.5 + 5%) • 
Examination of Figure 5 reveals two effects of ambient 
relative humidity. Fecundity is markedly higher at the low 
level and the dose-response relationship appears to be slightly 
amplified at the low and medium levels. The difference in 
fecundity is apparent when the response is plotted as eggs per 
female and the dose-response relationship when the response is 
plotted as the percent eggs laid on each concentration. The 
values plotted in the figure are presented at the bottom of 
Table 2 along with the percentage of the total eggs that were 
laid at each relative humidity level. 
These results suggest that ambient relative humidities 
above about Qofo may be higher than optimal for ovipositing 
females. Therefore, relative humidity measurements were made 
in thirteen randomly selected cages of mosquitoes used in sub­
sequent experimentation. The levels found were 70, 70, 81, 
84, 77, 84, 81, 81, 84, 73, 84, 88, and 60%. The median is 
81^ which is probably high enough to adversely affect the 
Table 2. Effect of ambient relative humidity on the oviposltlon response to marine 
salt solution^' 
Relative Humidity 
Low Medium High 
Percent Salt Percent Sa It Percent Salt 
Trial 1 50 ICQ 1 50 100 1 50 100 
1 4.43 6.95 4.80 3.75 7.92 10.43  7.17 4.60 5.07  
2 6.93 10.83 8.33 8.38  13.30 3.52  8 .70  8.37 3.43  
3 5.62 9.48 6.43  1.15 6.62  10 .93  6.52 7.85 5.42 
4 8.75 15.65 10.80  5.22 10.47 7.88  8 .18  6 .98  10.92 
5 10.07  5.83 3.92 2.93 0.57 3.07  1.42 1.23  6.95 
6 2.57 5.93 7.58 3.17 3.23 3.17  2.88 5.00  4.07 
7 4.70 10.47  10.02 6.68 4.65 4.82 2.07  11 .58  6.20 
8 8.82 6.62  7.78 2.97 5.57 8.52  6.22 4.63  7.12 
9 9.35 7.90 9.18 6.58  5.43 3.00 7.43 8.45  4.23 
10 4.10 7.77 7.10 9.23 10.63 5.55 6.28 3.82  10.05 
Total 63.34 87.43 75.94 50.06  68.39 60.89  56.87 62.51  63.46 
Mean 6.53 8.74 7.59 5.01  6.84 6.09  5 .69  6 .25  6 .35  
Percent 28.6 38.2  33.2 27.9  38 .1  34.0 31.1  34.2 34.7 
R.H. 65 + 5% 76 + 4# 82 .5 ± 5% 
Combined 
Total 228.71  179.34 182.84 
Combined 
Percent 38.7  30.4 30.9 
^Relative humidity levels were tested in separate cages, but simultaneously. 
The results are expressed as eggs per blood-fed female. 
Figure 5- Effect of low {65%), medium (?6^), and high 
(82.5^) ambient relative humidities on the 
oviposition response to marine salt 
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oviposltion response. If such a sample can be considered 
representative of all the cages of mosquitoes tested, more 
than half were at a higher than optimal ambient relative 
humidity. 
Changes in the dose-response relationship with changes in 
relative humidity would suggest that the response is to a 
humidity gradient above each substrate. Such gradients would 
become more pronounced with decreasing relative humidity. A 
plexiglas selection chamber described by McGaughey (I965) was 
utilized to determine whether the mosquitoes could respond to 
humidity gradients above 1, 10, 50, and 100^ concentrations of 
the marine salt mixture applied to cheesecloth pads. This 
chamber, illustrated in Figure 6, was 45.6 x 45.6 x 10.2 cm 
with a single top compartment 15.2 x 45.6 x 10.2 cm, two 
middle compartments 15.2 x 22.8 x 10.2 cm each, and four bot­
tom compartments 15.2 x 11.4 x 10.2 cm each. Ports 76 mm in 
diameter connected the compartments vertically and were equipped 
with glass cones with l6-mm openings to prevent backward move­
ment of the mosquitoes. Fifty gravid mosquitoes were placed 
in the top compartment preceding the onset of darkness and 
were allowed to move downward for 5 hours, at which time the 
number in each compartment was counted. McGaughey (I965), 
using this chamber, found a definite response to moist versus 
dry substrates. However, the data in Table 3 indicate an in­
ability to respond to the gradients above the concentrations 
Figure 6. Selection chamber used in measuring the response 
to humidity gradients 
1 

37 
Table 3- Response to a marine salt mixture in a selection 
chamber expressed as numbers of mosquitoes accumu­
lating at each salt concentration 
Salt Concentrations Combined®" 
Trial 1^ 10^ 50^ 100# Low High 
1 5 5 4 3 14 9 
2 2 4 5 5 8 17 
3 4 2 3 2 9 8 
4 4 9 3 7 15 15 
5 7 3 2 2 13 6 
6 4 3 5 4 9 12 
7 4 8 5 1 12 6 
8 0 1 3 1 4 8 
Total 30 35 30 25 84 81 
Mean 3.75 4.25  3.75 3.125 10.5  10 .125 
^Low concentrations (1 and 10%) and high concentrations 
(50 and 100^) were paired on the left and right sides of the 
chamber. The numbers tabulated include those mosquitoes In 
the middle compartment that were progressing toward the low 
or high concentrations. 
of marine salt tested. This suggests that the response to this 
salt solution may be a contact response. Therefore, ambient 
relative humidity will only affect the total oviposition re­
sponse and not the concentration of salt preferred. 
Selection for salt preference 
The inability to distinguish between salt solutions ex­
hibited in the preceding experiments is not in agreement with 
the virtually absolute distinction found in nature (Knight 
1965). The preceding experiment examined one aspect of the 
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laboratory technique in an effort to resolve this difference. 
However, this was only partially successful. As another 
source of this variation, it is conceivable that some selective 
process may have occurred, either in the process of colonizing 
the mosquitoes or in subsequent laboratory rearing through 
many generations, that could have lowered the degree of pref­
erence of the laboratory colony for salt. Therefore, an effort 
was made to select from the laboratory colony a strain that 
preferred a saline ovlposition substrate. 
Beginning with a generation reared from the laboratory 
colony, four cheesecloth wicks were maintained in each parent 
cage. Two of these wicks were wet with distilled water and 
two with the 100^ concentration marine salt solution. Eggs 
deposited on the salt-water wicks were retained and hatched, 
and the larvae were reared in tap water to produce each sub­
sequent generation which was then selected in the same manner. 
This was continued through five generations. This selection 
procedure was utilized rather than attempting to trap individ­
ual females resting on the salt-water substrates because the 
site of egg deposition must represent the ultimate preference 
of the mosquito. However, no control was exercised over 
mating in this method of selection. 
The response to marine salt was tested for each genera­
tion reared in tap water. In addition, a brood of each 
generation except the fifth was reared in salt water (100^ 
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marine salt mixture) and tested. The results for both sets of 
tests, which were obtained in the usual manner, are summarized 
in Table 4 and are combined in Table 5- Complete data are 
tabulated in the Appendix, Tables 19-25. The percent eggs 
laid on each salt concentration for each brood are plotted in 
Figure 7. The combined responses for each generation are 
plotted in Figure 8. (Data for the parent generation reared 
in salt water are omitted from Table 5 and Figure 8 since only 
three salt concentrations were tested.) 
Examination of Figure 7 reveals no consistent effect of 
rearing the larvae in salt water on the response to the salt 
solution. However, microbial activity was reduced and larval 
survival was better. Since no consistent difference was 
apparent the data for each generation were combined in Table 5 
and Figure 8. These combined data indicate a decreasing re­
sponse to the higher salt concentrations through the first and 
second generations and a gradual recovery to a level slightly 
higher than that of the parent colony in the fourth and fifth 
generations. 
To examine further the possibility of selective larval 
survival in salt water, a second selection process was per­
formed through three generations exactly as above, but larvae 
for the generations in which the selection process was per­
formed were reared in salt water. Thus any selective effects 
of the salt-water larval rearing medium were combined with egg 
Table . Summary of the ovlposltlon responses (percent eggs laid on each concen­
tration) to marine salt by females selected for salt preference from 
generations maintained in tap waters-
Salt Concentration 
10# 50# 100# 1# 10# 50# 100# 
Generation Reared in Tap Water Reared in Salt Water 
Parent^ 20.  5 24, .9 27. ,2 27. ,4 
On CM 
,2 3 6  • 9 3 3 .  9 
First 21.  7 30. 4 25. 2 22,  .7 26, . 3  19 .8 27 .2 26,  .7 
Second 27. 9 23.  6 25. ,8 22,  .7 27. 0 3 1  .2 21 . 3  20,  .5 
Third 29. 2 22,  .4 22, ,0 26,  .4 24, .9 22 . 7  29 .8 22, .6 
Fourth 21, .5 25 .5 19. 3 33 .7 21, .5 30 .2 2 3  • 9 24, . 3  
Fifth 25' .0 22 .1 23 .5 29 .4 (none tested) 
^Selection was accomplished in successive broods reared in tap water. Re­
sponses were obtained for broods of each generation reared in tap water and salt 
water. Complete data are tabulated in the Appendix, Tables 19-25. 
^Eggs for the parent broods were from the regular laboratory colony which had 
not been selected for salt preference. 
4l 
Table 5- Summary of the combined oviposition responses to 
marine salt by females selected for salt preference 
and reared in tap and salt water^ 
Generation 1^ 
Salt Concentration 
10^ 50# 100# 
Parent^ Total 
Percent 
173.38 
20.5 
210.30 
24.9 
230.26 
27.2 
231.10 
27.4 
1 Total 
Percent 
173.35 
23.1  
202.80  
27.1 
193.31 
25.8 
179.60 
24.0 
2 Total 
Percent 
265.19  
27 .6  
252.95 
26.3  
232.25 
24.2 
210.94 
21.9 
3 Total 
Percent 
307.10  
27 .6  
249.90 
22.5 
275.83 
24.8 
277.94 
25.0 
4 Total 
Percent 
101.47 
21.5  
130.05 
27.6 
100.50 
21.3 
139.12 
29.5 
5 Total 
Percent 
112.75  
25 .0  
99.34 
22.1 
105.66  
23.5 
132.45 
29.4 
^'Combined total responses and percentages from data 
presented in the Appendix, Tables 19-25. 
^Data for the parent generation reared in salt water are 
omitted because the responses for the two broods were not ob­
tained for the same salt concentrations. The data presented 
are for the parent generation reared in tap water. 
selection. These data are summarized in Table 6. Complete 
data are presented in the Appendix, Tables 20, 26, and 2?. 
The percent eggs laid on each salt concentration are plotted 
for each generation tested in Figure 9- The responses ob­
tained were similar to the responses of the first and second 
generations in Figures 7 and 8. Therefore, selection was 
discontinued. 
Figure 7- Ovipositlon response to marine salt by females 
reared in salt water and tap water from a strain 
selected for salt preference through five genera­
tions maintained in tap water 
43 
# # REARED IN SALT WATER 
o o REARED IN TAP WATER 
351 
PARENT 30-
25-
2 0 -
I 10 50 100 
FIRST 
I 10 50 100 
351 
SECOND o 30-
z 25-
o- 20-
I 10 50 100 
THIRD 
I 10 50 100 
354 
FOURTH 
30-
25-
20-
I 10 50 100 
FIFTH 
100 I 10 50 
PERCENT SALT 
Figure 8. Combined oviposition response to marine salt by-
females selected for salt preference through 
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Table 6. Summary of the ovipositlon responses (percent eggs 
laid on each concentration) to marine salt by fe­
males selected for salt preference from a strain 
maintained in salt water^ 
Salt Concentration 
Generation Vfo ^0% 100% 
Parent^ 29.2 36.9 33.9 
First 36.7 29.9 33.4 
Third 35.8 30.5 33.7 
^Complete data are tabulated in the Aopendix, Tables 20, 
26, 27. 
^Sggs for the parent brood were from the regular colony 
which had not been selected for salt preference. They were 
hatched and the larvae were reared in salt water throughout 
the selection process. 
From these data it cannot be concluded that the sensi­
tivity of the laboratory colony to salt has decreased, even 
though slight recovery is indicated after only five genera­
tions of selection for salt preference. The degree of recovery 
is insignificant in view of the variation within generations. 
Selection through many generations requiring several years 
would be necessary. Such a procedure could be shortened if 
some control could be exercised over mating. Preferences of 
males however, would be difficult to determine. 
Response to soil samples 
This experiment was designed to determine the laboratory 
response of A. taenlorhynchus to water extracts of reconstituted 
Figure 9» Oviposition response to marine salt by females 
selected for salt preference through three 
generations maintained in salt water 
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salt-water and fresh-water soil samples, and to sod samples 
from salt-water and fresh-water sites. The sod samples were 
maintained in pots in a greenhouse and were periodically 
watered with tap water. The sods referred to as salt-water 
samples were collected in a salt marsh near Tampa, Florida. 
Portions of them were flooded and A. taenlorhynchus larvae were 
reared from them, confirming their suitability as oviposition 
sites. The fresh-water sod samples were collected from A. 
vexans breeding sites in the vicinity of Ames, Iowa. Six sam­
ples of each type of sod were tested. 
The sod samples of each type were randomly paired and 
compared in the previously described olfactometer using an air 
flow of approximately 100 ml per minute. The tests were run 
for a period of 4 hours and photographs of the responding fe­
males were made at l5-minute intervals. At the end of the 
period the eggs accumulated on the pad (wet with distilled 
water) over each port were counted. The results are tabulated 
in Table 7- As may be seen, more mosquitoes responded to the 
salt-water than to the fresh-water soils as recorded by fe­
males resting on -the ports and by egg counts. However, 
neither difference is statistically significant. 
In the second portion of this experiment the response to 
water extracts (applied to cheesecloth pads) of reconstituted 
salt-water and fresh-water soil samples was determined. These 
soil samples were collected by Dr. K. L. Knight from a North 
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Table ?. Olfactory response to salt-water and fresh-water 
sod samples 
Eggs Per Female Females Attracted®' 
Trial Salt-water Fresh-water Salt-water Fresh-water 
1 4.04 5.68 10 2 
2 12.00  17.64 3 9 
3 15.16 8.66 3 0 
4 6.74 4.42 6 6 
5 9.20 7.72 2 2 
6 10.70 8.48 10 8 
Total 57.84 52.60  34 27 
Mean 9.64 8.77  17. 0 13.5 
t  = 0.]45 = 0 .803 
t_Q^(5 d.f.) = 2.57  p = 0.3-0 .5  
^Totals of those mosquitoes appearing in photographs at 
15-minute intervals. 
Carolina marsh and their status as A. taeniorhynchus breeders 
or nonbreeders was available (Knight I965). The samples were 
reconstituted by placing 10 cc of each sample in a graduated 
cylinder, adding distilled water to the 20-cc level, and 
stirring the mixture. One series was incubated- at 29*5° C for 
24 hours before testing and another for l4 days at the same 
temperature. In both series the water level was maintained at 
the proper level throughout the incubation period. The 
specific electrical conductance was measured for each fluid 
sample before placing 6 ml of the fluid on a 2-gm cheesecloth 
pad in a petri dish for testing. Samples of each type 
incubated for 24 hours were randomly paired and each pair of 
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salt-water soli samples was compared with each pair of fresh­
water samples. Thus, four dishes were present In each test. 
Two pairs of each class were compared In the same manner for 
those Incubated for days. Samples 1-8 were from A. 
taenlorhynchus breeding sites; samples 9-16 were from sites 
where fresh-water mosquitoes were breeding. 
The results are presented In Tables 8 and 9- Values pre­
sented for specific conductance are averages for all samples 
appearing In that row. The values for mllllequlvalents of 
salt per liter were estimated by multiplying 12.5 times the 
O 
specific conductance (milllmhos/cm^), an expression suggested 
to be appropriate for agricultural soils by Jackson (1958). 
As is readily apparent, the salt-water soils were rejected in 
favor of the fresh-water soils using both incubation periods. 
The reason for this rejection is not so readily apparent. 
When compared with the marine salt solution to which the 
mosquitoes responded favorably, none of the soil samples had 
an excessive salt content. Perhaps the drying process for 
storage of the soil samples caused irreversible changes in the 
composition. One difference is apparent from examination of 
the analyses of these soils (Appendix, Table 28). The major 
ion present in the fresh-water samples-l-s sulfate, with lesser 
amounts of calcium and magnesium, while in the salt-water 
samples sodium, calcium, magnesium, and chloride all exceed 
the sulfate content. In view of the response to sulfate found 
Table 8. Response (eggs per blood-fed female) to water extracts of reconstituted 
salt-water and fresh-water soil samples Incubated for 24 hours 
Soil 
No. 9-10 
Soil Tested 
11-12 
Against 
13-14 15-16 Mean 
Avg. Sp. 
Cond.& Salt° 
Salt-water Soils 
1 10.25 9.48 10.28 15.04 11.26 3.58 44.75 
2 12.56 9.30 9.76 4.76 9.10 7.26 90.75 
3 4.80 10.36 9.50 9.59 8.56 0.42 5.25 
4 6.33 5.38 5.50 10.76 6.99 1.50 18.75 
5 8.74 30.44 2.10 9.57 12.71 2.31 28.88 
6 11.58 10.18 16.61 10.65 12.26 1.12 14.00 
7 17.84 6.76 3.51 11.86 9.99 5.00 62.50 
8 11.92 3.63 6.61 9.44 7.90 2.96 37.00 
Mean 10.21 7.98 10.69 10.50 9 .85 3.02 37.74 
^Values were determined at the time of testing for each sample (millimhos/cm^) . 
^Values were obtained by multiplying the specific conductance by 12.5 (Jackson 
1958), and are expressed as meq./liter. 
Table 8. (Continued) 
Soil 
No. 1-2 
Soil Tested 
3-4 
Against 
5-6 7-8 Mean 
Avg. Sp. 
Cond.®' 
Meq.., 
Salt 
Fresh-water Soils 
9 12.09 5.64 19.26 15.62 13.15 0.08 1 .00 
10 9.52 13.44 18.86 17.21 14.76 0.08 1.00 
11 22.20 4.45 13.50 6.99 11.78 0.26 3 .25 
12 17.08 19.24 24.66 17.79 19.69 0.08 1.00 
13 23.46 26.78 22.66 19.76 23.16 0.12 1 .50 
14 17.85 14.58 12.71 12.70 14.46 0.08 1.00 
15 9.45 16.55 8.57 20.70 13.82 0.10 1.25 
l6 17.92 19.05 17.64 10.08 16.17 0.12 1.50 
Mean 15.11 17.23 14.97 16.20 15.87 0.115 1.44 
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Table 9• Response (eggs per blood-fed female ) to water ex-
tracts of reconstituted salt--water , and . fresh-water 
soils incubated l4 days 
Soil Soil Tested Against Avg . Sp Meq... 
No. 9-10 11-12 Mean Cond.^ 8alt° 
Salt-water Soils 
1 27.82 17.68 22.75 3 .30 41.25 
2 3.99 6 .40 5 .20 9  .35 116.88 
3 7.01 11.89 9.45 0 .58 7.25 
4 3.30 12.00 7 .65 1 .58 19.75 
Mean 10.53 11.99 11.26 3 .70 46.28 
Soil Tested Against 
1-2 3-4 
Fresh-water Soils 
9 20.03 15.34 17.68 0, ,085 1.06 
10 12.25 19.44 15.84 0, .075 0 .94 
11 9.16 16.03 12.60 0, 280 3.50 
12 31.50 16.58 24.04 0. ,100 1.25 
Mean 18.24 16.85 17.54 0. , l4o  1.69 
^Values were determined at the time of testing for each 
sample (millimhos/cm^). 
^Values were obtained by multiplying the specific con­
ductance by 12.5 (Jackson 1958), and are expressed as meq./ 
liter. 
in this work, this may partially explain the discrepancy in 
response to the soil samples. Perhaps an analysis of soil 
water in biologically active breeding and nonbreeding sites 
would be helpful in establishing the natural availability of 
these ions and the actual amounts of each present. Muirhead-
Thomson (1951) also observed this difference in relative 
amounts of sulfate present in fresh-water and brackish-water 
situations. In addition, the extracts tested may have been 
more concentrated than soil waters to which the mosquitoes are 
exposed under natural conditions and were without the effects 
of biological activity which may have a moderating effect. 
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DISCUSSION 
These data indicate that A. taeniorhynchus responds to 
sulfates In solution on the ovlposltlon substrate. There 
appears to be some variation in the concentration preferred 
depending upon the kind of salt. Magnesium and sodium sulfate 
were required in higher concentrations than sulfuric acid and 
ferrous sulfate. When combined with sodium chloride, which 
was found to be neutral or slightly repellent in concentra­
tions up to 0.2 M in the work reported here, and in higher 
concentrations reported by McGaughey (1965)» lower concentra­
tions of sulfuric acid were preferred. This indicates some 
Interaction between the sulfates and the salts with which they 
are in combination. Therefore, extremely low levels could be 
expected to be functional in nature. 
In view of reports of A. taeniorhynchus and A. sollicitans 
breeding in Kentucky and Illinois in mine drainage and similar 
situations with high sulfate contents, but with varying con­
centrations of other salts such as chlorides (Fellton 1944, 
Dixon 1957)9 ferrous or ferric sulfates and sulfuric acid are 
probably the salts to which the mosquitoes respond. Dixon 
(1957) indicated that ferrous sulfate is oxidized to ferric 
sulfate which is then hydrolyzed to ferric hydroxide. This 
material is hydrated with iron oxide and precipitates out. 
Sulfuric acid results from this series of reactions and should 
be available to ovipositing mosquitoes. 
Sulfates such as magnesium and sodium sulfate, although 
they do elicit a favorable response in the laboratory, appear 
to occur in salt marsh situations in concentrations (Knight 
1965) that may be too low to be functional unless some sul­
furic acid or ferrous sulfate is also present. The data re­
ported here indicate that 50 to 100 milliequivalents per liter 
of magnesium or sodium sulfate are preferred. Knight (I965) 
reported an average of 68 milliequivalents per liter of cal­
cium and magnesium and 62 milliequivalents per liter of sul­
fate for water extracts of A. taeniorhynchus breeding soils. 
These levels fall within the range reported here, however it 
is much more likely that these breeding sites, which tend to 
be acidic, have amounts of sulfuric acid sufficient to elicit 
a favorable response. Knight (1965) reported a pH range of 
4.6 to 7.6 with an average of 6.0 for these same water ex­
tracts. The optimum levels of sulfuric acid reported here had 
a pli range above 3.5, which is not excessive. The concentra­
tions preferred when in combination with sodium chloride also 
fall into the pH range reported by Knight (I965). However, pH 
may have prevented selection of higher levels of sulfuric acid 
since it is limiting at the extremes (Buxton and Hopkins I927, 
Jobllng 1935). 
Hudson (1956) presented data supporting the possibility 
of an osmotic pressure effect of electrolytes on two fresh 
water mosquito species. However, the work reported here 
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(Figure 4) indicates that the attractiveness of sulfates is 
independent of osmotic pressure. 
The degree of preference exercised by ovipositing mos­
quitoes in the laboratory falls short of that observed in 
nature. The possibility of a decreased sensitivity to salts 
as a result of colonization and laboratory rearing was examined 
by attempting to select from the colony a strain with a higher 
degree of preference. During this process a complete break­
down in selectivity was observed in the first and second 
generations with recovery progressing to a level slightly 
higher than the original in the fifth generation. Further 
selection to see if this trend continued would be necessary to 
show conclusively that this was a factor in the laboratory re­
sponse. However, the data Indicate that it may be. Selection 
is especially difficult since males cannot be readily selected 
on the basis of an oviposition preference. 
The ambient relative humidity at the time of oviposition 
appears to affect the oviposition response. At levels above 
about 80^ fecundity is markedly reduced. Although the salt 
concentration preferred is not changed, the degree of pref­
erence may be reduced to such a level as to appear insignifi­
cant. A. aegypti has been observed to avoid wet substrates at 
high relative humidities also (Bar-Zeev I960). 
In certain of the series of salt concentrations tested 
a distilled water control was included. In the case of 
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magnesium sulfate this control received more eggs than low 
concentrations of the salt, "but less than the preferred con­
centration. Such a response may be due to the unnatural nature 
of distilled water. It certainly meets the basic requirement 
of a moist substrate for oviposition, and in the absence of an 
osmotic pressure effect, which the data reported here indicate, 
it should not be repellent in any way. Therefore, a gravid 
female mosquito that lands on it would be expected to lay its 
eggs if not disturbed. This phenomenon makes it difficult to 
evaluate the attractiveness of salt solutions if the mode of 
action is by contact. This may also explain the reversal in 
response observed to reconstituted soil samples. The fresh­
water samples had an extremely low salt content, when recon­
stituted for this work, that most certainly was not repellent. 
The salt-marsh samples may have, as a result of drying and 
being reconstituted with distilled water, contained chemicals 
not present in natural biologically active soils. Or, the 
production of sulfuric acid through the series of reactions 
described by Dixon (1957) may not have occurred in the recon­
stitution process, leaving the samples repellent due to high 
concentrations of other salts such as chlorides which appear 
repellent in the form of sodium chloride. Such a drying pro­
cess does affect organic colloids irreversibly, and high levels 
of salts may affect this. 
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Little significance can be attached to the slight differ­
ential in response to gases evolved from salt-water and fresh­
water sods. This is due to the obvious difficulty in collect­
ing sods that are identical with respect to all factors other 
than those associated with salt content. 
The dose-response relationship assumed different shapes 
when three and four concentrations of marine salt were tested 
even though both tests covered the same range (Figure 7)-
Wallis (195^) observed similar differences with A. aegypti. 
A higher degree of preference seems to be exhibited when the 
number of choices over a given range is minimized. 
6l 
SUMMARY 
Aedes taenlorhynchus, a salt-marsh mosquito, responded to 
sulfates in pure solution and in combination with other salts 
on the oviposition substrate. The response appeared to be due 
to the chemical, and was independent of osmotic pressure ex­
cept at higher levels where such solutions may be repellent. 
Normal oviposition occurred on distilled water because of its 
nonrepellent nature. Problems were encountered in reconsti­
tuting dried soil samples from salt-water and fresh-water sites 
which may have caused a reversal in the expected response. 
Ambient relative humidities above Q0% caused a reduction 
in fecundity that may have made detection of an ovipositional 
preference more difficult. The sensitivity of a laboratory 
colony to salts may be reduced through time in the laboratory, 
but recovery by selection of eggs laid on salt solutions vfas 
slow. Selection through five generations produced only slight 
recovery. The use of salt water in larval rearing had no 
apparent selective effect. 
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APPENDIX 
Table 10. Composition of Rila Marine Mix and the concentra­
tion used in this work 
Salt mg/100 ml a M 
M of is^:^ 
solution Osmolality 
NaCl 
MgClp 
MgSOf 
KCl ^  
6H2O 
Ca 
Ca 
Sr 
A1 
Rb 
Li 
Mo 
Co 
Fe 
Zn 
Mn 
Pb 
Cu 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
CI:) 
so^) 
C1-) 
CI") 
CI ) 
CI") 
NaMoO) 
50]^) 
SO^) 
80^) 
80g) 
SO4) 
80%) 
2640 0 .452 0 .0858 0 .300 0 .1613 
508 0 .025 0 .0047 0 .023 0 .0124 
605 0 .050 0 .0096 0 .021 0 .0113 
64 0 .009 0 .0016 0 .005 0 .0027 
106 0 .010 0 .0018 0 .009 0 .0048 
30 0 .002 0 .0004 
0.38 
0.003 
0.0006 
0.0006 
0 . 0 0 2  
0.007 
0.01 
0 . 0 2  
0.07 
0.001 
0.0001 
^Composition supplied by the manufacturer, Rila Products, 
Teaneck, New Jersey. 
^Molarity calculated only for salts present in amounts 
considered significant in this work. 
°Molar concentration used as the stock solution in this 
work; referred to as 100^. This concentration had a specific 
electrical conductance of 10.5 to 11.0 mllllmhos/cm3 (measured 
with an Industrial Instruments, Inc., Conductivity Bridge, 
Model RC-16B2) and a specific gravity of 1.005 at 25° C. 
'^Freezing-point depression in degrees centigrade calculated 
from values obtained from the Handbook of Chemistry and 
Physics (Weast 1965). 
molal solution of a nonelectrolyte has a freezing-point 
depression of 1.86° C and an osmolality of one. 
6? 
Table 10. (Continued) 
a b M 1%%° d e 
Salt mg/lOO ml M solution A Osmolality 
KI 2.0 
KBr 2.2 
KNOo 10.0 
KgHPO^ 1.0 
NagSiO-.gHgO 10.0 
Total 3978.6943 0.548 0.1039 0.358 0.1925 
Table 11. Response to sulfuric add expressed as eggs per 
blood-fed female (Experiment 1) 
Salt Concentration 
Trial 0 0.0025 0.0125 0.025 0.05 Molar 
1 9' .28 22 .54 11, .30 7 .32 5. 08 
2 22, .76 10, .42 6, .80 7, .96 6, .30 
3 7. 86 15' .24 9. 10 4, .18 2, .58 
4 20, .70 21, .32 12, .30 12, .58 15. ,10 
Total 60, .60 69, .52 39. 50 32, .04 29. 06 
Mean 15. 15 17. 38 9. 88 8, ,01 7. ,26 
Percent 26. 3 30. ,1 17. ,1 13. .9 12. , 6 
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Table 12. Response to sulfuric acid expressed as eggs per 
blood-fed female (Experiment 2) 
Trial 0 
Salt Concentration 
0.00005 0.0005 0.1 005 Molar 
1 26 .50 26 .54 30 .14 17 .92 
2 8 .34 15 .40 20 .39 6 .32 
3 9 .34 4 .02 7 .50 6 .18 
4 6 . 66 5 .48 7' .78 2 .04 
5 18, .00 18, .80 16, ,64 8, .88 
6 8, .94 8, .24 l4, .02 21, .70 
7 15. 32 22, .50 22. '30 7. 08 
Total 93. ,10 100. '98 118, •  77 70. ,12 
Mean 13. '30 14. ,42 16. '97 10 . ,02 
Percent 24. '3 26. 4 31. 0 18. ,3 
Table 13- Response to sulfuric acid in 0.125 molar sodium 
chloride expressed as eggs per blood-fed female 
Salt Concentration 
Trial 0 0.00005 0.0005 0.005 Molar 
1 18.74 6.96 9.54 6.02 
2 22.08 27.52 23.60 12.88 
3 16.70 22.50 23.50 18.12 
4 6.24 13.28 8.40 12.00 
Total 63.76 70.26 65.04 49.02 
Mean 15.94 17.56 16.26 12.26 
Percent 25.7 28.3 26.2 19.8 
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Table l4. Response to sulfuric acid in 0.2 molar sodium 
chloride expressed as eggs per blood-fed female 
Salt Concentration 
Trial 0 0.00001 0.0001 0.001 0.01 Molar 
1 14.76 16.6o 25.68 9.52 21.96 
2 14.84 11.20 23.06 13.82 11.44 
3 11.92 13.14 11.74 14.80 14.74 
4 30.10 13.56 21.26 25.16 12.80 
Total 71.62 54.50 81.74 63.30 60.94 
Mean 17.90 13.62 20.44 15.82 15.24 
Percent 21.6 l6.4 24.6 19.I I8.3 
Table 15. Response to ferrous sulfate expressed as eggs per 
blood-fed female 
Salt Concentration 
Trial 0 0.0001 0.001 0.01 0.10 M 
1 9.54 15.22 24.30 17.94 7.24 
2 7.80 7.70 2.40 0 2.60 
3 17.12 14.76 16.90 7.34 11.40 
4 6.50 11.80 9.80 21.00 5.68 
Total 40.96 49.48 53.40 46.28 26.92 
Mean 10.24 12.37 13.35 11.57 6.73 
Percent 18.9 22.8 24.6 21.3 12.4 
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Table l6. Response to sodium sulfate expressed as eggs per 
blood-fed female 
Salt Concentration 
Trial 0.00^ 0.025 0.05 0.125 Molar 
1 16.08 18.06 12.22 10.36 
2 22.62 13.98 11.78 15.58 
3 19.02 17.02 30.46 14.86 
4 10.30 17.54 22.84 8.20 
5 15.50 15.00 33.56 9.14 
6 8.08 6.64 9.08 11.32 
7 23.20 13.16 28.32 11.22 
8 13.58 23.86 11.72 16.76 
9 10.44 0.94 10.60 6.28 
10 17.18 20.46 19.36 17.60 
Total 156.00 l46.66 189.94 121.32 
Mean 15.60 14.67 18.99 12.13 
Percent 25.4 23.9 30.9 19.8 
Table 17- Response to magnesium sulfate expressed as eggs per 
blood-fed female 
Salt Concentration 
Trial 0.0025 0.0125 0.025 0.05 Molar 
1 7 .96 10, .30 5 .56 12 .32 
2 12, .10 13. 24 18, .36 9' .84 
3 13, .50 5 ' .20 3. , 60 9' .28 
4 6, .22 7. 12 18, .06 10 , .86 
Total 39' .78 35. 86 45. 58 42, .30 
Mean 9. ,94 8. ,96 11. 40 10, .58 
Percent 24, .3 21. 9 27. 9 25. 9 
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Table 18. Response to sodium chloride expressed as eggs per 
blood-fed female 
Salt Concentration 
Trial 0 0.05 0.10 0.15 0.20 Molar 
1 16.76 14.72 15.78 20.00 11.56 
2 16.60 15.40 15.72. 15.74 16.88 
3 9.88 8.80 3.18 6.58 12.28 
4 10.90 7.84 0 4.42 3.66 
5 11.18 9.38 14.18 7.76 12.02 
6 14.32 10.90 3.58 10.12 8.06 
7 12.26 4.96 6.88 15.04 7.04 
8 20.38 16.78 16.18 13.68 13.30 
Total 112.28 88.78 75.50 93.34 84.80 
Mean 14.04 11.10 9.44 11.67 10.60 
Percent 24.7 19.5 16.6 20.5 18.7 
Table 19. Response (eggs per blood-fed female) to marine salt 
by females from the regular colony reared in tap 
water 
Salt Concentration 
Trial 1# 10# 50# 100# 
1 7.82 14.78 14.52 19.50 
2 12.20 15.38 22.52 12.08 
3 4.90 5.70 15.74 8.16 
4 12.70 2.18 13.52 12.82 
5 17.14 19.90 21.00 15.50 
6 16.18 23.54 13.36 20.16 
7 
8 
11.42 21.96 16.06 21.60 
11.38 8.38 8.40 4.64 
9 9.20 7.18 9.84 22.10 
10 14.58 19.10 13.68 18.18 
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Table 19. (Continued) 
Trial 
Salt Concentration 
10^ 50# 100# 
11 
12 
13 
14 
15 
17.82 
11.08 
8.46 
4.02 
14.48 
11.66 
18.92 
15.68 
7.76 
18.18 
8.64 
18.90 
22.82 
11.04 
20.02 
17.68 
22.98 
12.82 
8.44 
14.44 
Total 
Mean®' 
Percent 
173.38 
11.56 
20.5 
210.30 
14.02 
24.9 
230.26 
15.35 
27.2 
231.10 
15 .41 
27.4 
^Significant (5^ level) nonzero linear response 
• 
Table 20. Response (eggs ; 
by females from 
waterS-
per blood-fed female) to marine salt 
the regular colony reared in salt 
Total 
Observations 1^ 
Salt Concentration 
50# 100# 
0
0
0
 
65.34 
50.06 
56.87 
87.43 
68.39 
62.51 
75.94 
60.89 
63.46 
Total 
Mean 
Percent 
172.27 
5.74 
29.2 
218.33 
7.28 
36.9 
200.29 
6.68 
33.9 
^Combined from data in Table 2. 
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Table 21. Response ( e g g s  per blood-fed female) to marine salt 
by first generation females selected for salt 
preference®" 
Salt Concentration 
Trial 1# 10# 50# 100# 
Reared In Tap Water 
1 6.38 13.94 9.98 9.56 
2 14.62 18.56 10.82 15.04 
3 3.02 15.84 5.02 1.06 
4 1.74 7.68 10.42 5.04 
5 13.22 18.34 9.72 24.18 
6 11.04 12.36 16.02 15.00 
7 12.68 12.82 7.80 10.64 
8 5.74 13.54 15.40 4.22 
9 12.40 13.98 17.22 7.10 
10 5.02 13.88 17.00 7.70 
11 16.30 7.66 6.64 10.30 
12 9.62 7.74 3.64 7.16 
Total 111.78 156.34 129.68 117.00 
Mean 9.32 13.03 10.81 9.75 
Percent 21.7 30.4 25.2 22.7 
Reared In Salt Water 
1 6.95 6.85 2.08 5.80 
2 3.30 5.02 7.50 3.20 
3 4.32 3.25 5.10 7.95 
4 2.00 0 9.50 5.45 
5 10.12 7.20 3.10 3.65 
6 10.20 10.20 12.60 9.25 
7 2.95 1.90 8.78 4.60 
8 11.85 11.52 13.52 12.00 
9 9.88 0.52 1.45 10.70 
Total 61.57 46.46 63.63 62.60 
Mean 6.84 5.16 7.07 6.96 
Percent 26.3 19.8 27.2 26.7 
^'Larvae were reared in tap water during the selection 
process. 
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Table 22. Response (eggs per blood-fed female) to marine salt 
by second generation females selected for salt 
preference 
Trial 
Salt Concentration 
10^ 50# 100# 
Reared In Tap Water 
1 19.86 10.28 9.52 8.96 
2 10.94 8.96 4.22 12.86 
3 22.54 15.46 36.08 15.10 
4 18.36 16.50 22.90 17.48 
5 14.98 1 1 . 0 0  5.94 16.88 
6  19.90 17.06 11.46 5.36 
? 21.90 27.66 l4. 6 8  17.64 
8  1 8 . 1 0  1 1 . 0 8  12.84 15.68 
9  11.26 14.56 19.08 8 . 6 8  
1 0  13.42 11.98 21.42 20.82 
Total 171.26 144.54 158.14 139.46 
Mean 17.13 14.45 15.81 13.95 
Percent 27.9 23.6 25.8 22.7 
Reared In Salt Water 
1  11.90 17.62 8.80 6.05 
2  0 . 8 8  11.20 12.92 3.50 
3  1.90 1 0 . 1 5  13.12 10.52 
4  7.32 24.62 1 1 . 4 2  7.52 
5  14.82 10.38 7.78 9.90 
6  15.65 5.08 0.92 10.20 
7  8 i j 2  9.48 5.05 2.82 
8 15.30 3.32 6.70 8.40 
9  7.02 6.68 6.22 3.62 
1 0  10.82 9.88 1 . 1 8  8.95 
Total 93.93 108.41 7 4 . 1 1  71.48 
Mean 9.39 10.84 7 . 4 1  7.15 
Percent 27.0 31.2 21.3 20.5 
^'Larvae 
process. 
were reared in tap water during the selection 
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Table 23- Response (eggs per blood-fed female) to marine salt 
by third generation females selected for salt 
preference^ 
Trial 
Salt Concentration 
10# 50# 100# 
Reared In Tap Water 
1 34.34 28.48 21.42 25.30 
2 20.66 15.02 22.32 23.12 
3 17.04 17.30 8.10 11.94 
4 37.14 21.08 11.60 20.24 
5 26.06 13.84 12.58 18.00 
6 11.16 9.00 13.48 10.30 
7 24.50 21.26 27.56 19.90 
8 12.54 9.38 7.58 11.64 
9 13.78 9.68 18.04 19.90 
10 8.56 12.72 12.16 25.62 
Total 205.78 157.76 154.84 185.96 
Mean 20.58 15.78 15.48 18.60 
Percent 29.2 22.4 22.0 26.4 
Reared In Salt Water 
1 8.68 7.88 15.55 5.52 
2 6.05 5.88 12.32 6.82 
3 10.95 10.05 2.50 0.60 
4 5.75 5.82 12.35 6.72 
5 11.12 6.57 14.98 16.22 
6 13.08 5.30 6.48 4.95 
7 12.72 12.32 13.32 3.18 
8 4.38 2.72 1.32 3.75 
9 9.52 15.85 5.88 17.80 
10 3.50 5.35 8.15 6.22 
11 "6.85 9.70 12.32 11.45 
12 8.72 4.70 15.82 8.75 
Total 101.32 92.14 120.99 91.98 
Mean 8.44 7.68 10.08 7.66 
Percent 24.9 22.7 29.8 22.6 
^Larvae 
process. 
were reared in tap water during the selecti on 
?6 
Table 24. Response (eggs per blood-fed female) to marine salt 
by fourth generation females selected for salt 
preference^ 
Salt Concentration 
Trial 1# 10# ^0# 100# 
Reared In Tap Water 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Total 
Mean 
Percent 
3 . 8 2  
6 . 2 0  
11.55 
10.22 
5.35 
3.95 
3.65 
5.58 
6.15 
56.47 
6.27 
21.5 
18.90 
12.15 
10.40 
4.25 
2.55 
4.52 
5.68 
6.18 
2 . 2 0  
66.83 
7.42 
25.5 
10.50 
8.25 
9.28 
2.15 
4.52 
3.22 
2.58 
3.08 
6.88 
50.46 
5.61 
19.3 
14.58 
16.52 
14.50 
4.30 
3.25 
15.55 
3.20 
7.70 
8.62 
8 8 . 2 2  
9.80 
33.7 
Reared In Salt Water 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Total 
Mean 
Percent 
7.12 
10.25 
4.58 
4.30 
0.05 
6.18 
6.18 
1.42 
4.92 
45.00 
5.00 
21.5 
12.70 
10.25 
2.35 
8.35 
7.98 
6.72 
4.90 
8.92 
1.05 
63.22 
7.02 
30.2 
5.28 
7.35 
6.58 
9.65 
7.18 
1.62 
3.88 
3.22 
5 . 2 8  
50.04 
5.56 
23.9 
15.70 
9.00 
0 
9.72 
5.78 
3.28 
1.20 
6 . 2 2  
0 
50.90 
5.66 
24.3 
^Larvae were reared in tap water during the selection 
process. 
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Table 25. Response (eggs per blood-fed female) to marine salt 
by fifth generation females selected for salt 
preference^ 
Salt Concentration 
Trial 1^ 10^ 50^ 100^ 
Reared In Tap Water 
1 1.35 6.58 7.45 1.78 
2 25.32 7.60 14.05 9.90 
3 12.12 15.28 11.20 16.30 
4 5.82 3.22 8.32 16.00 
5 12.88 9.52 7.48 1.05 
6 0 0.20 2.40 10.48 
7 6.35 22.08 12.22 20.48 
8 8.22 3.08 8.45 7.60 
9 20.92 23.75 8.02 25.60 
10 6.70 3.30 5 -55 1.88 
11 9.05 2.85 13.32 12.40 
12 4.02 1.88 7.20 8.98 
Total 112.75 99.34 105.66 132.45 
Mean 9.40 8.28 8.80 11.04 
Percent 25.0 22.1 23.5 29.4 
^Larvae were reared in tap water during the selection 
process. 
Table 26. Response (eggs per blood-fed female) to marine salt 
by first generation females reared in salt water 
and selected for salt preference from a colony main­
tained in salt water 
Salt Concentration 
Trial 1# 100# 
1 9.45 0 1.90 
2 13.65 15.08 8.02 
3 6.85 9.95 2.42 
4 20.60 3.32 10.88 
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Table 26. (Continued) 
Salt Concentration 
Trial 1^ 50^ 100^ 
5 4.32 7.45 3.42 
6 23.82 21.48 30.50 
7 4.68 12.05 13.98 
8 12.38 7.98 7.95 
9 4.32 4.4o 12.15 
Total 100.07 81.71 91.22 
Mean 11.12 9.08 10.14 
Percent 36.7 29.9 33.4 
Table 27- Response (eggs per blood-fed female) to marine salt 
by third generation females reared, in salt water 
and selected for salt preference from a, colony 
maintained in salt water 
Salt Concentration 
Trial 1^ 50^ 100^ 
1 20.57 13.10 22.87 
2 11.97 17.50 12.73 
3 21.67 11.00 15.33 
4 3.97 1.33 5.40 
5 20.13 19.17 21.20 
6 13.70 5.90 13.27 
7 0.43 4.87 3.93 
8 14.93 18.80 6.40 
Total 107.37 91.67 101.13 
Mean 13.42 11.46 12.64 
Percent 35.8 30.5 33.7 
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Table 28. Analysis of soil samples from salt-water and fresh­
water coastal marshes®" 
Sample Milliequivalents/li ter Sp. 
No. Na K Ca & Mg Cl SO4 Cond. pH 
Salt-water Soils 
1 153 3.7 67 151 31 13.0 4.4 
2 481 5.6 171 407 113 26.2 7.3 
3 13 0.9 28 10 34 2.6 7.4 
4 45 2.3 46 38 37 7.1 5.4 
5 61 2.2 17 52 8.0 7.6 
6 59 6.4 18 53 4 6.9 4.7 
7 123 5.3 76 176 36 12.8 4.2 
8 136 3.6 36 122 15 12.5 5.8 
Mean 134 3.8 57 126 39 
1—1 t—I H
 5.8 
Fresh-water Soils 
9 2 0.7 4 0.2 2 0.49 
10 2 1.3 2 0.5 3 0.43 6.4 
11 3 1.0 14 0.2 9 1.3 6.9 
12 2 0.5 3 0.2 0.6 5.1 
13 3 0.4 2 1.0 0.7 4.4 
14 2 0.5 2 1.0 0.4 4.9 
15 1 0.5 4 0.5 0.5 5.1 
16 4 0.4 5 2.0 0.4 6.1 
Mean 2.4 0.66 4.5 0.7 4.7 0.6 5.6 
^Reported in part by Knight (I965) along with the 
analytical methods. 
